Highly purified [D-glucose-1-"4C]lactose has been used to study the transport of lactose by Klebsiella sp. strain CT-1. Strain CT-1 transports lactose by a lactose-inducible system that exhibited an apparent Km of 6 mM lactose and an apparent V, of 140 nmol/min per mg of cell protein. (6) . Strain CT-1, a lactose-utilizing mutant of RE1755A, possesses a phospho-,B-galactosidase (P-BGase) involved in lactose metabolism and carries a pleiotropic mutation which (i) permits galactose utilization and (ii) prevents induction of BGase-Ill synthesis by lactose (4). To elucidate the novel metabolic pathway for lactose metabolism involving P-BGase and to understand the pleiotropic mutation, we investigated lactose transport in Klebsiella strains. A previous report from this laboratory has described the absence of a,-galactoside permease as part of the BGase-III operon (5). Since (i) strain CT-1 grows on lactose and (ii) lactose induced P-BGase synthesis in both strains RE1755A and CT-1 (4), both strains must possess a lactose-specific transport system not associated with the BGase-III operon.
enolpyruvate-dependent hydrolysis of o-nitrophenyl-,8-D-galactoside and lactosedependent release of pyruvate from phosphoenolpyruvate by benzene-treated CT-1 cells showed that CT-1 transports lactose by a phosphoenolpyruvate:sugar phosphotransferase system. Correlations between the growth rate of CT-1 on lactose and properties of the transport system indicated that transport is the rate limiting step in utilization of lactose.
Kiebsiella sp. strain RE1755A, a lactose-negative mutant of strain RE1544, lacks both its plasmid-specified and chromosome-specified ,8-galactosidases, but does synthesize a third,-galactosidase (BGase-III) which is induced by lactose or ,8-methyl-D-galactoside and is active toward o-nitrophenyl-,B-D-galactoside (ONPG) but inactive toward lactose (6) . Strain CT-1, a lactose-utilizing mutant of RE1755A, possesses a phospho-,B-galactosidase (P-BGase) involved in lactose metabolism and carries a pleiotropic mutation which (i) permits galactose utilization and (ii) prevents induction of BGase-Ill synthesis by lactose (4) . To elucidate the novel metabolic pathway for lactose metabolism involving P-BGase and to understand the pleiotropic mutation, we investigated lactose transport in Klebsiella strains. A previous report from this laboratory has described the absence of a,-galactoside permease as part of the BGase-III operon (5) . Since (i) strain CT-1 grows on lactose and (ii) lactose induced P-BGase synthesis in both strains RE1755A and CT-1 (4), both strains must possess a lactose-specific transport system not associated with the BGase-III operon.
Because of its inability to metabolize lactose, strain RE1755A was initially employed to characterize the lactose transport system. Prelimi transferase system (PTS) in E. coli and Salmonella typhimurium inhibit uptake of non-PTS carbohydrates (11, 16, 19) . Those inhibition phenomena have been explained by inducer exclusion that glucose and glucose analogs prevent the entry of inducer (1, 12, 16) .
A previous paper (4) has shown the involvement of P-BGase, which hydrolyzes ONPG-6-phosphate to galactose-6-phosphate, and o-nitrophenol in metabolism of lactose by CT-1, but there has been no direct evidence that CT-1 possesses a lactose-PTS. To determine whether lactose was being transported by a lactose-PTS, we assayed benzene-treated celLs of CT-1 by two methods: (i) the lactose-dependent release of pyruvate from PEP and (ii) the PEP-dependent release of o-nitrophenol from ONPG (7) ( a Cells of CT-1 grown in minimal medium containing the indicated carbon source were harvested, washed once with ice-cold minimal medium containing 50 mM mercaptoethanol and 100 ,ug of chloramphenicol per ml, and then resuspended in the same medium (1010 cells/ml). A 100-pl amount of 35% (vol/vol) benzene in ethanol was added into a tube containing 10 ml of the cell suspension chilled in an ice-bath and mixed vigorously for 1 min on a mixer. The tube was kept at 370C for 5 min and stored in the ice bath until assayed. The lactose-dependent release of pyruvate from PEP was assayed by a quantitative determination of pyruvate with lactic dehydrogenase (3). Assay buffer (1.4 ml of minimal medium with mercaptoethanol and chloramphenicol) containing 20 ,umol of PEP, 50 ,ul of benzene-treated cells, 9 ,ig of lactic dehydrogenase, and 0.3 ,umol of NADH was equilibrated at 37°C for 3 min. The reaction was started by addition of 100 ,ul of 30 mM lactose, and control assays lacked lactose. Assay for PEP-dependent hydrolysis of ONPG was carried out by the method described by Hamilton and Lo (7) . Assay buffer (0.75 ml of minimal medium with mercaptoethanol and chloramphenicol) contained 7.5 ,umol of ONPG and 20 ,mol of the indicated phosphate donor. The reaction was started by addition of 0.75 ml of benzene-treated cells. Incubation was at 37°C for a sufficient time to produce adequate color, at which time the reaction was stopped with 0.5 ml of 1 M Na2CO3. Cells were removed by centrifugation, and the absorbance of supernatant was measured at 420 nm.
b The relatively high background hydrolysis of ONPG in the absence of PEP is attributable to the basal level of fi-galactosidase-III (4) (5) (6) . In the absence of lactose, pyruvate was released from PEP at the rate of 8 nmol/min per 10' cells.
(0.0015) (5) . This is expected if strain CT-1 utilizes both hexose sugars released by hydrolysis of lactose. The products of hydrolysis, however, would be galactose-6-phosphate and glucose, rather than galactose and glucose, since PTS phosphorylates the C-6 of galactose in lactose during transport (7, 18) . Galactose-6-phosphate is not metabolized by the Leloir pathway (13); however, it may be isomerized to tagatose-6-phosphate and metabolized by the tagatose NOTES 1461 pathway, known to exist in Klebsiella spp. (12a) . On the other hand, galactose-6-phosphate may be dephosphorylated and then metabolized by the familiar Leloir pathway. Studies to distinguish between these possibilities are in progress.
These data strongly suggest that transport limits the growth rate of strain CT-1 on lactose and lead to the prediction that mutants of CT-1 selected to grow rapidly at low lactose concentrations (<1 mM) will possess improved transport rather than improved hydrolytic activity toward lactose. Studies to test that prediction are in progress.
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